It is known that the Field-Induced Spin-Density-Wave (FISDW) phases are experimentally observed in the quasi-one-dimensional (Q1D) organic conductors with chemical formula (TMTSF)2X (X=PF6, ClO4, etc.) and some others in moderate magnetic fields. From a theoretical point of view, they appear as a result of "one-dimensionalization" of the Q1D electron spectra due to the orbital electron effect in a magnetic field. We predict that the novel FISDW phases with different physical meaning have to appear in inclined high magnetic fields in Q1D conductors as a result of combination of the spin-splitting and orbital electron effects. We suggest performing the corresponding experiments in the (TMTSF)2X materials.
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PACS numbers: 74.70. Kn, 75.30Fv We recall that the so-called Field-Induced SpinDensity-Wave (FISDW) phases and related 3D quantum Hall effect (3D QHE) are experimentally observed in a number of Q1D organic conductors [1, 2] . The most studied among them are compounds with chemical formula (TMTSF) 2 X (X=PF 6 , ClO 4 , etc.), where the above mentioned phenomena were first discovered [3, 4] . Theory of the FISDW phases was successfully developed in Refs. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , whereas the 3D-QHE was considered in Refs. [13, 14] .
It is known [7, 1, 2, 5, 6 ] that electron spectrum of the Q1D organic conductors (TMTSF) 2 X can be well described by the following tight-binding approximation:
[Here, p F and v F are the electron Fermi momentum and Fermi velocity along the conducting axis a * , t b and t c are the electron wave functions overlapping integrals along axes b * and c * , respectively, and the term with t ′ b appears due to non-linearity of the real Q1D electron spectrum along a axis [7, 6] 
. It is important that, for t ′ b = 0, the electron spectrum (1) possesses the so-called "nesting" property [7, 1, 2, 5, 6] ,
which allows to stabilize Spin-Density-Wave (SDW) phase due to the Peierls instability with wave vector [7, 2, 5, 6] :
where σ = +(−) for electron spin up(down), respectively. We stress that the so-called "anti-nesting" term, 2t
(1) destroys [7, 1, 2, 5, 6 ] the "nesting" condition (2) and, therefore, for high enough values of the parameter t ′ b , metallic or superconducting phases can become the ground states. In this case, as experimentally shown in Refs. [3, 4] , the physical situation is very interesting in a magnetic field applied along axis c * :
a cascade of the numerous FISDW phases occurs with Hall conductivity being quantized. In theoretical works [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , it was shown that the "one-dimensionalized" [5] orbital electron motion in the magnetic field restores the Peierls instability and these FISDW phases were interpreted as the SDW phases with the following quantized wave vectors:
where n is an integer. Note that, using the linearized Q1D electron spectrum (1), it is possible to come to the conclusion [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] that the Pauli spin-splitting effect plays no role in physical properties of the FISDW phases. Very recently, we have shown [16] that, due to non-linearity of the electron spectrum along the conducting axis a * , the Pauli spin-splitting effect generates a new "anti-nesting" term in the Q1D spectrum (1). In particular, in Ref. [16] , we have demonstrated that this term results in a destruction of the SDW phase in a parallel magnetic field, H a * (i.e., in the absence of the orbital effect).
The goal of our Rapid Communication is to show that the above mentioned new "anti-nesting" term [16] , which is proportional to a strength of a magnetic field, is responsible for even more interesting phenomenon -a novel cascade of the FISDW phases in high magnetic fields. Unlike the known FISDW phases, the new ones have to appear due to simultaneous actions of the Pauli spinsplitting and orbital electron effects. We suggest to observe the novel FISDW phases in the organic conductors from chemical family (TMTSF) 2 X in an inclined with respect to the conducting axis a * magnetic field. In particular, we show that, unlike the known cascade of the FISDW phases [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , where the FISDW phase boundaries are roughly periodic with an inverse magnetic field, positions of the novel FISDW phases do not depend on a strength of the magnetic field. Below, they are shown to depend almost periodically on an inverse sinusoidal function of the inclination angle, 1/ sin α. , for the SDW paring). As seen, that even in this case, where the traditional "anti-nesting" term disappears, there appears the second "anti-nesting" term, which destroys the "nesting" properties of the Q1D spectrum for any SDW wave-vector Q.
For further development, we consider the following 2D non-linearized model of Q1D spectrum in a parallel to the conducting a * axis magnetic field,
where t a is overlapping integral of electron wave functions along the conducting a * axis. [Note that the first "antinesting" term, 2t
* ), appears later as a result of a non-linearity of the spectrum (5) with respect to variable p x .] Contrary to the all existing theories of the FISDW phases [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] , below we take account of both linear and quadratic terms of the variables (p x ±p F ) near two pieces of the Fermi surface in a parallel magnetic field:
where in the (TMTSF) 2 X compounds [1,2,7,16]
Using Eqs. (5)- (7), it is easy to demonstrate that, in a parallel magnetic field, near two sheets of the FS the electron spectrum can be written as
where
. It is important that Eq.(8) contains two kinds of "antinesting" terms for the SDW instability (pay attention that the second term does not exist for a CDW case and, thus, does not destroy the CDW phase). The first of them is usual, 2t ′ b cos(2p y b * ), which is responsible for the standard FISDW cascade of phase transitions and 3D QHE [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , provided the magnetic field has a finite c * axis component The second "anti-nesting" term, 2t H σ cos(p y b * ) (see Fig.1 ), has magnetic field dependent amplitude, t H ∼ H, which as we show generates the novel FISDW phases in high magnetic fields. In contrast, terms −µ B H and ∆ǫ in Eq. (8) do not affect seriously the FISDW phases. Indeed, term −µ B H disappears for the SDW pairing, whereas term ∆ǫ just shifts the wave vectors of the FISDW phases. Therefore, we omit the last two terms in our further calculations.
We stress that the geometry suggested by us for observations of the novel FISDW phases is different from the standard one [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] as well as different from that in Ref. [16] . In our case, we have strong magnetic field, which is characterized by both finite a * and c * axes components:
A = (0, Hx sin α, Hy cos α),
where α is angle between magnetic field H and a * axis. Under such experimental conditions, we have both the Pauli spin-splitting effect (8) and the orbital one [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Below, we introduce the orbital effect by means of the socalled Peierls substitution method, as it is done in Ref. [5] :
Let us introduce slow varying parts, g ±± (iω n , p y ; x, x 1 ; σ), of the non-interacting electron Green's functions near two open sheets of the Q1D FS, G ±± (iω n , p y ; x, x 1 ; σ), by the following equations:
where ω n is the Matsubara's frequency [17] . Then, using Eqs. (8) and (11), it is possible to make sure that the slow varying parts of the electron Green's functions obey the equations:
where δ(x − x 1 ) is the Dirac's delta-function. It is important that the equations for slow varying parts of the Green's functions of non-interacting electrons in a magnetic field (14) and (15) can be exactly solved:
Here, we calculate a linear response of electrons to the external field, corresponding to the following SDW electron-hole pairing,
in a similar way as it is done in Ref. [5] for different Q1D spectrum without the magnetic field dependent term. In random phase approximation, we obtain the so-called Stoner equation for susceptibility:
In Eq. (19), g is the effective SDW electron coupling constant, χ 0 (Q) is a susceptibility of the non-interacting electrons in a magnetic field:
Let us substitute the known slow varying parts of the electron Green's functions in a magnetic field (16) and (17) in Eqs. (20) and (19) . As a result of straightforward but lengthy calculations, we obtain the following equation of a stability for the FISDW phases in the presence of the orbital and Pauli spin-splitting effects:
[Here,
and Ω is a cutoff energy; < ... > py stands for averaging procedure over variable p y ]. We stress that, in Eq.(21), we maximize SDW transition temperature, T c , with respect to longitudinal, k, and transverse, q, wave vectors under the condition that
It is important that Eq.(21), derived in our Rapid Communication, is the most general equation to determine the appearance of the FISDW phases in a Q1D conductor in a magnetic field. In particular, at low enough magnetic fields, we can disregard the Pauli spin-splitting effect and, therefore, at t H = 0 and α = π/2, Eq.(21) coincides with the main equation of Ref. [10] . Our current goal is not a full analysis of Eq.(21), which is difficult numerical problem and hopefully will be solved in the future. In the Rapid Communication, we consider high magnetic field limit of Eq.(21) to demonstrate novel phenomenon -the appearance of high magnetic field FISDW phases due to the the combination of the orbital electron motion and Pauli spin-splitting effects. To this end, let us consider high magnetic fields, where
It is easy to see that, in this limit, the master Eq. (21) can be rewritten as
Let us simplify the integral (23), using some well known trigonometric equations. As a result of rather simple calculations, instead of Eq.(23), we obtain
Note that in the derivation of Eq.(24) from Eq.(23) we also take into account that [18] :
From Eq.(24), it is evident that the integral takes the maximal value at ∆t = 0 (i.e., at Q y = π/b * ). In this case, we can rewrite stability condition for the FISDW phases (24) as
cos(kz) shows that the positions of the different FISDW phases at large values of integer n in Eq.(28) are periodic with variable 1/ sin α.
In conclusion, let us discuss the possible applications of our theory to real Q1D conductors from the chemical family (TMTSF) 2 X. We recall that, in Ref. [16] , we have suggested novel effect, where SDW state is destroyed by some unusual "anti-nesting" term. It appears due to the Pauli spin-splitting effects [see the second "anti-nesting" term in Eq. (8)]. The theory [16] was elaborated for a magnetic field parallel to the conducting axis, H a (i.e., for α = 0 in our case). As directly seen from Eq.(21), for any H = 0 and α = 0 the FISDW phases are ground states at T = 0. Therefore, for the analysis of the FISDW phases we always have to make use of our Eq.(21), which is more general than that used in the previous theories of the FISDW phases [5, 6, [8] [9] [10] [11] [12] [13] [14] [15] . Below, we discuss where our final analytical Eq.(35) is literally applicable to describe novel FISDW phases suggested in the Letter. As an example, let us consider (TMTSF) 2 PF 6 conductor. First, the magnetic field has to be stronger than the value of H 0 , which is estimated as H 0 = 185 T (see Ref. [16] ). Note that such high magnetic fields are now available (see, for example, Refs. [19, 20] ). Second, angle α has to be not very small in order inequality (22) to be fulfilled. If we estimate the value of t 0 . It is possible to make sure that the inequality (31) is also fulfilled under the above mentioned conditions. Note that above we have estimated the values of a magnetic field, where the novel FISDW phases will appear, nevertheless our Eq.(21) predicts some changes in the known cascades of the FISDW phases. Hopefully, they will be studied by using numerical methods in the future.
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